Food frequency questionnaire and socio-demographic data were collected from over 10 000 Scottish men and women aged 40-59 years in a cross-sectional study of coronary heart disease (CHD) risk factors. Dietary intake, including the antioxidant vitamins C and E and p-carotene, was assessed for different socio-economic groups. Trends in nutrient intakes were found with social-class (occupational) groups I-V. The non-manual-manual distinctions were clear even after standardizing for serum cotinine, and alternative classification by housing tenure and level of education did not confound the social-class effect. Total energy intake was significantly higher in the manual (men 10363 KJ, women 7507 KJ) than in the non-manual (men 9156 KJ, w m e n 7169 KJ) groups, and all nutrient amounts except for vitamin C, vitamin E, p-carotene and fibic were significantly higher in the manual than the non-manual groups. Alcohol intake was lower in manual women, but higher in manual men compared with their respective non-manual groups. Sex and social-class differences were maintained after adjusting for total energy. Women in general, and manual women in particular, had the highest percentage energy from total fat (402) and saturated fat (18.2), while the percentage energy from polyunsaturated fat was lower in men than women, and lowest in manual men (4.4). The po1yunsaturated:saturated fat (P:S) ratios were, for non-manual and manual men 0.32 and 0.31, and for non-manual and manual women 0.31 and 0.28. Fibre and antioxidant vitamin intakes, when expressed as nutrient densities, were lower in men than women, and lowest in manual men. Overall, men and women in manual occupations had a poorer-quality diet than did those in non-manual occupations. The coincident low P: S ratios and low antioxidant vitamin intakes in manual groups may contribute to an increased risk of CHD. Thus, the findings are compatible with the view that poor diet may be a contributory factor to the higher mortality rates for CHD which occur in the lower socio-economic groups.
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C. B O L T O N -S M I T H A N D OTHERS
As the result of men being considered the ' high-risk ' group, frequently previous epidemiological studies of CHD risk factors, both in the UK (Marmot et al. 1978; Shaper et af. 1981 ; Caerphilly and Speedwell Collaborative Group, 1984) , and internationally (Keys et al. 1967; Pooling Project Research Group, 1978) , have not looked at women. Also, many have considered only the more traditional risk factors, with minimal dietary information. However, diet may be one of the fundamental components of 'life-style' which contribute to CHD risk (Marmot et al. 1975; Yano et a1. 1978) .
The data collected in the Scottish Heart Health Study (SHHS) Tunstall-Pedoe et al. 1989) have allowed diet to be considered simultaneously with other risk factors for CHD, and for women as well as men to be examined in this respect. Preliminary findings have been reported (Bolton-Smith et al. 1990a, b) but this is the first full paper on the detailed nutritional findings from the SHHS, and it aims to describe the dietary characteristics of the different social-class groups. Subsequent papers will address the effect of age on nutrient intakes, consider nutrient sources and the relationships between other key risk factors and diet.
MET H 0 D S
The objectives and methods of the SHHS have been described previously (Smith et al. 1987 . Briefly, a total of 10359 men and women aged 40-59 years from twenty-two districts in Scotland were recruited through 260 general practitioners. A questionnaire was completed at home, to give details on social factors, health, smoking, exercise and diet. This was checked for completeness by the study nurse when the subjects attended a clinic for the physical examination which included weight, height and blood pressure measurement and the taking of a non-fasted venous blood sample. Half the sampling was carried out during the summer months and half during the winter months between December 1984 and December 1986.
Dietary evaluations
Diet was assessed using a modified version of the food frequency questionnaire (FFQ) which was established by the Medical Research Council Cardiff Group (Yarnell et al. 1983) . Groups of foods and portion sizes were largely unaltered, but alcohol intake was assessed by a 7 d structured recall question and standard drinks were adjusted to Scottish measures. Nutrient analysis was computerized and used the data from McCance and Widdowson's The Composition of Foods (Paul & Southgate, 1978) . Vitamin E and vitamin A were calculated as a-tocopherol and retinol equivalents respectively (with ,&-carotene including other carotenoids). The analysis programme flagged questionnaires with nutrient values outwith set range limits (values available). Subjective assessments of validity were made based on examination of the questionnaires for obvious errors and inconsistencies and the estimation of maximum possible intakes if three full meals were consumed daily. Extreme low values of nutrients only occurred for women, when total energy intake was low. These questionnaires were universally excluded if below 2 5 MJ or if the pattern of reported foods was considered extremely unlikely (by C. B.-S.). Total energy intakes which were otherwise low, but which resulted from apparently sound FFQ, were not excluded, for it was considered that this would unjustifiably bias the data.
Forty subjects also completed an identical FFQ 3 4 weeks after the initial one, as a measure of repeatability and within-subject variance. A supplementary questionnaire was completed by sixty-seven other subjects in order to monitor the importance of food items not specifically mentioned on the FFQ such as haggis, soup and fruit loaf. Further validation was supplied by comparison with weighed intake data (Bolton-Smith & Milne, 199 1) and by comparisons between dietary and serum levels of vitamins . Mean nutrient intakes were rounded to three significant figures, except for vitamin C and vitamin E, which were rounded to two significant figures.
Classification by social class
Classification by occupation was performed according to the coding index of the Office of Populations, Censuses and Surveys (OPCS), 1980 and by grouping into non-manual (N; 1, IT, IIIN) and manual (M; IIIM, TV, V) occupations. Women were grouped according to their husband's occupation (see McDowall, 1983 ) and the currently unemployed by their last job. The effects of alternative classification according to housing tenure (owneroccupier (00), local authority rented (LAR) and private rented) and by level of education (primary, secondary, professional and university) were also assessed.
Statistical analya~es and data presentation
Statistical analyses included analysis of variance, paired t testing, Pearson correlation and regression analysis performed with the Statistical Package for Social Sciences (SPSS", 1986) . Two-tailed tests of significance were used throughout. Percentage contributions to total energy intake are expressed inclusive of alcohol, and nutrient densities are given as amounts per 4.2 MJ (1000 kcal). Before analysis, skewed distributions of nutrients were transformed appropriately to improve normality (g alcohol, In (g alcohol + 1) transformed ; pg retinol and carotene (ug and ,ug/4.2 MJ), In transformed, and all the percentage energy data, 2/ arcsine transformed). The untransformed values are given in the tables and figures.
Differences in nutrient intakes between the N and M groups were also tested for after adjustment for smoking habit (using the serum values for the stable metabolite of nicotine, cotinine).
In an attempt to avoid the discussion of spurious significant results at the P < 0.05 level (which are bound to occur with such large numbers), the P < 0.01 significance level is used for the analysis of nutrients by social class and sex.
RESULTS
Compliance and exclusions
The overall response rate in the SHHS was 74 YO, and of these, 97.7 YO returned the FFQ in varying stages of completeness ( n 10121). The number of participants in the current analyses varies slightly depending on the method of grouping and the individual nutrient under consideration. This is due to the missing values which occur for all questions. Missing values for any nutrient did not exceed 2.5 YO except for saturated fat (SFA) and polyunsaturated fat (PUFA), 4.5 YO. This was due to the brand of spreading fat or cooking oil not being specified.
Amongst those subjects excluded with incomplete FFQ or multiple nutrient outliers were five with energy intakes above 23 MJ and obvious mis-interpretation of the questionnaire, and eleven with energy intakes below 2.5 MJ (only one of these being on a slimming diet).
Reproducibility and validity
Results from the forty repeat questionnaires showed Pearson correlation coefficients for the individual nutrients ranging from 0.70 for fibre to 0.94 for sugar. The correlation coefficient for energy intake was 0.78. Significant differences (P < 0.05) by paired t test occurred only for fat (SFA and PUFA), sugar, alcohol, retinol and vitamin E. Analysis of the supplementary questionnaires revealed only two types of food which were consumed regularly and which were not present on the original FFQ. These were soups and sauces, at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19910093 Health Study population* and Surveys (1980) and jams and preserves (30 and 50% respectively consumed these more than three times a week).
C . BOLTON-SMITH A N D O T H E R S
Class~ficcrtion by social class The distribution of the study population between the social-class groups is given in Table  1 . Classification by occupation gave a wide variation in numbers between the groups, with 60.1 % in the groups TI and IIIM. However, combining the three N (I, TI and IIIN) and the three M (IIIM, IV and V) groups gave similar numbers in N and M groups for men and women. The N category accounts for 45.2 YO and the M category for 54.8 % of the study population. The housewife group is small (n 139) for this represents women who cannot be categorized by 'husband's occupation ' and they are subsequently omitted from the dietary analysis. Alternative classification by housing tenure and level of education resulted in a 
more uneven distribution of the study population between sub-groups. Moreover, 77 YO of N and only 35 O h of M were in the 00 group and 46 YO of N and only 10 % of M occurred in the higher education group (university + professional), suggesting considerable overlap in these definitions. Classification by occupation (social class I-V, and N and M) is adopted for the detailed dietary analyses, although some comparisons with education and housing tenure will be presented. Table 2 gives some further characteristics of the social-class groups. More people are unemployed and smoke in the lower social classes, and heights are lower and BMI is higher, compared with the upper social classes. Table 3 gives the numerical breakdown of N and M subjects by diet, with 12% reported to be on 'special diets'. The largest special group was the self-appointed slimmers (7.2 %), evenly divided between the N and M groups, but with the majority being women (76.6 O h ) . Medically-prescribed slimming diets and diabetic diets each accounted for 1.2Y0, while the 'Other' medical-diet group accounted for 2.1 YO. Vegetarians made up 0.4% of the study population and only one vegan was present.
Nutrient intakes
The mean values and standard deviations for total energy, and the quantities of nutrients consumed by men and women in the N and M occupational groups are presented in Table   4 . For men, significant differences at the P < 0.01 level or better, existed between the N and M groups for all the nutrients, both with and without adjustment for serum cotinine levels (results not shown). For women however, non-significant differences ( P > 0.01) occurred between the N and M groups for protein, PUFA and vitamin A levels both with and without adjustment for serum cotinine, and the N-M difference in vitamin E intake became non-significant ( P = 0.06) after adjustment was made for serum cotinine. Men in both the N and M groups had a higher mean energy intake than the respective categories for women. They also consumed significantly more of all the nutrients ( P < 0,001) except vitamins C (ascorbic acid) and A (where no significant difference occurred) and p-carotene (where higher levels were consumed by women). Total energy intake was higher in the M group compared with the N group, by 13.2 YO for men and by 4.7 YO for women. For men, fat contributed 29 % and carbohydrate 5 1 % of the energy difference between the N and M groups, while for women, fat contributed 62% and carbohydrate 36% of this energy difference. M groups are also given. In most cases, clear nutritional distinctions exist between the N groups (I, I1 and IIIN) and the M groups (IIIM, IV and V). The decline in the P : S ratio from social class I-V for men (N 0.32, M 0.31 ; P = 0.025) was largely due to a relatively lower PUFA intake, while the decline for women (N 0.31, M 0.28; P < 0,001) was due to a relative increase in SFA intake. Nutrient densities (amounts/4.2 MJ (1000 kcal)) are presented, in a similar format to the %En values, in Fig. 2 . The lower intakes of vitamins C and E and p-carotene in the M than the N groups coincide with less-frequent consumption of fresh fruit and green vegetables in the M groups, but less well with the frequency of root-vegetable consumption (Table 5) .
The cholesterol nutrient density values did not differ significantly between the individual social-class groups or between the N and M groups for men (mean for both groups 196 (SD 100) mg/4.2 MJ). Table 6 compares the energy distribution between the nutrients when classification was by occupation (N-M), housing tenure (00-LAR) and level of education (higher-school). Similar results were seen for each method of grouping, especially for women. When further sub-division of the N and M categories, by either housing tenure or education group, was performed (values available) the same N-M trends in nutrient intakes occurred for each housing or education category. By multiple-regression analysis, social-class differences in nutrient intakes were not confounded by either education level or housing tenure, with the exception of sugar intake (housing and education) and carbohydrate intake (education level only) for men.
D I S C U S S I O N
The study population may be considered a good representation of the Scottish population for the distribution between the social-class groups is comparable with the 1981 census data (Registrar General Scotland, 1984) . The higher stature of those in the higher social-class groups, and the higher BMI of those in the lower social-class groups, have been reported previously (Fehily et al. 1984; Knight, 1984) and may be indicative of poor diet, as well as other factors of social disadvantage. The characteristic tendency for a higher proportion of those in M occupations to smoke and to be unemployed, is also shown in the SHHS findings.
The percentage of people reporting to be on a special diet (men 7.0 YO, women 17. comparable with the values from the Northern Ireland study (Barker et al. 1989 ) of 8.2 YO for men and 19.5% for women, but the percentage on medically-prescribed diets is somewhat lower than those reported in other studies (Thomson et al. 1985; Cox et al. 1987) , as is the percentage of dimmers compared with the OPCS report (Knight, 1984) . While it is clear that energy intakes slightly above the lower cut-off of 2.5 MJ are well below basal metabolic rate, their removal would bias the data towards the higher intakes, where we have no objective view of validity. Until a standardized procedure for accepting and rejecting dietary data at both extremes of intake is available and validated, selective removal of low intake data, when it is not based on obvious inaccuracy or misunderstanding, will not help in the determination of accurate means for population groups. The limitations of the food-frequency technique, and all other methods of dietary assessment, have been extensively reviewed (Cameron & Van Staveren, 1988) , and while it is recognized that no one method of dietary assessment is perfect, the FFQ is considered to give a reliable indication of dietary intakes for groups, but not individuals. Both the reproducibility, and the indicators of validity, for the FFQ in the Scottish population suggested that the method of dietary recording was satisfactory for the aim of the study, namely, the assessment of the average diet of the Scottish population and sub-sets thereof. Specifically, reproducibility was good, with Pearson correlation coefficients between 0.7 and 0.94, and remarkably few significant differences between the mean nutrient values by paired t test analysis. Correlation coefficients were higher than those of 032-0.71 found by Willett et al. (1985) , but the repeat questionnaires were filled in with only a 1-month interval compared with 12 months in the study quoted, which may, therefore, also reflect a change in diet over the year. Comparison between nutrient intakes obtained from the questionnaire and from weighed intake data (Bolton-Smith & Milne, 1991) found a similar range of significant Pearson correlation coefficients (0.28-0.64) to that reported in the original assessment of the questionnaire in the Welsh population (0.30-0.70; Yarnell et ul. 1983) .
According to the supplementary questionnaires, jams and preserves, and soups and sauces were the only two types of food which were regularly consumed and not included in the standard FFQ. This may account for the lower total energy values compared with weighed intake data from Edinburgh men (Thomson et al. 1985) , for soups, sauces and miscellaneous foods contributed a mean of 2.4 % of total energy in their study. However, more recent studies using the weighed-intake technique have indicated similar energy intakes to those found here (Braddon et al. 1988; Barker et al. 1989; Gregory c't al. 1990) , and there is a trend for energy intakes to be declining (Ministry of Agriculture, Fisheries and Food (MAFF), 1987).
The National Food Survey (NFS) data for the years covering the present study (MAFF, 1986 and reported comparable differences in energy intakes between income groups, to those found here for social-class groups. Similar significant differences between N and M groups have been reported for men by some workers (Fehily et al. 1984; Braddon et al. 1988) , but not by the recent survey of British adults (Gregory et al. 1990 ). The differences in diet which they report to occur between regions and age-groups may well have confounded the social-class effect in this national survey of 16 to 64-year-olds. Studies of smaller numbers (Bingham et al. 1981 ; Fulton et al. 1988; Barker et 01. 1989) have been unable to detect significant differences, presumably because of the large intra-and interindividual variance which occurs in dietary intake and its measurement (Cameron & Van Staveren, 1988; Nelson et al. 1989) . Braddon et al. (1988) found no significant differences in energy intake by social class for women, and Gregory et al. (1990) Other studies which have looked specifically at women have tended to concentrate on the pregnant or lactating states (for example, Black et al. 1986; Schofield et al. 1987) , and as such, the higher energy intakes found in N compared with M women are not directly comparable with the present results. However, it is interesting to note, that even in these women, intakes of vitamins C and E and p-carotene are lower in the M groups, while retinol levels are not significantly different. Retinol often appears to be atypical, for intake in the SHHS is higher in the lower social-class groups, even after adjustment for energy intake, and this trend is also seen in the NFS data (MAFF, 1986 (MAFF, , 1987 and for men in the survey of British adults (Gregory et al. 1990) .
The lower intake of antioxidant vitamins in the M groups than the N groups seems to reflect the less frequent consumption of fresh fruit and vegetables, but more detailed analysis is necessary for the p-carotene intakes do not accord with the reported frequencies of total root vegetable consumption or with those of carrots alone (results not shown; full nutrient source data will be published separately). Other studies which have looked at nutrient intake by social class have found significantly lower vitamin C levels in M than N groups (Fehily et al. 1984; Braddon et al. 1988) . The results in the former study were also standardized for smoking, but revealed additional significant differences, between socialclass groups, only for total energy and carbohydrate (g), although a non-significant difference of 17 % in /?-carotene was shown between the N and M groups. Lower intakes of all the antioxidant vitamins (expressed per 4.2 MJ (1000 kcal)), with the exception of retinol for men, are reported for the lower social-class groups by Gregory el al. (1990) .
Their reported mean values tend to be higher than those in the SHHS, for all but pcarotene, but the median values are similar or lower, reflecting the highly-skewed nature of the data. The higher p-carotene values in the SHHS reflect the older age-group and the higher percentage of people consuming carrots (90 v. 60 %). Fulton et al. (1988) did not analyse antioxidant vitamin intakes, and reported significant differences between social classes for only fibre and several specific fatty acids but not the P:S ratio. Calculations of P:S ratios from FFQ data are bound to be imprecise, but the large numbers in the study, and the FFQ validity for group estimations of nutrients, make the calculation tenable. Moreover, the P:S ratios, as calculated from the 1985 and 1986 NFS data for Scotland (MAFF, 1986 (MAFF, , 1987 , are very similar to those reported here, but both sets are lower than the value of 0.37 reported by Gregory et al. (1990) . However, they do all confirm that the Scottish values are low compared with the rest of the UK.
The only other reported estimations of dietary vitamin E intake in UK populations come from the NFS data (Bull & Buss, 1982; Lewis & Buss, 1988) . The mean intake of 7.8 mg/d for Scotland which was reported by Lewis & Buss (1988) is very similar to the value reported here for N men (7.7mg/d), but higher than those reported here for M men (7.0 mg/d) and for women (N 6.8 mg/d, M 6.1 mg/d). The difference in vitamin E intake between the lowest and the highest income groups of 0.9mg/d was lower than that of 1.4 mg f d found here between the social-class groups I and V for both men and women. The differences probably reflect the different methods of classification and the relative inaccuracy of the household data, with no sex differentiation, compared with the FFQ data. The differences in the nutrient-density values between the upper-and lower-social-class groups were similar to those of 0.8-0.9 mg/4-2 MJ (1000 kcal) which were reported from the weighed-intake data by Gregory et al. (1990) .
In an analysis of the interactions (with respect to diet) between origin, education and social class in a Jerusalem population sample (Kaufmann et al. 1982) , differences between social class, education and sex were found, and the literature extensively reviewed. Detailed comparisons are not made here between the Israeli, United States and Scottish data sets, for it is apparent that cultural differences between countries may be greater than the social class and educational differences within a country. However, lower intake of vitamins in the at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19910093 lower social-class groups does appear to be an international occurrence (Kaufmann et al. 1982) .
In this Scottish population, trends in nutrient intakes between education level and housing tenure group were separate and additional to those between the N and M occupational groups. Braddon et a/. (1988) reported a similar effect for education and social class. Standardized mortality rates have been shown to increase from 00 to rented categories within any occupational group. However, despite this, classification by occupation still incorporates more aspects of social class than any other single method, as is discussed in the Black Report (see Tnequalities in Health, 1988) .
A possible caveat to the analysis of dietary intake by sub-groups is the extent to which results may be biased by differential reporting between them. Although the accuracy of reporting may vary for different nutrients, when considering group comparisons within a single data set, these effects will be consistent and so relatively unimportant, so long as any bias is indeed uniform between the groups. While it is difficult to judge to what extent accuracy of reporting varies between the sexes, and the social-class groups, several factors suggest that the bias may be reasonably consistent in the present study. First, a higher energy intake in the male M compared with the N groups would be expected, given that a greater energy output is (by definition) necessary during the daily occupation of manual workers. Furthermore, this trend has been previously reported in studies using different methods of dietary assessment (Fehily et a/. 1984; Braddon et ul. 1988) . Second, similar trends in nutrient intakes occur for all three measures of socio-economic group (occupation, education and housing). Third, the energy intake: basal metabolic rate ratio (EN: BMR; estimated from body-weight according to Schofield, 1985) increased in the M compared with the N group for men (independent of BMI), while for women the EN:BMR did not change significantly with social-class group although BMI increased from 24.2 in socialclass group I to 27.0 in group V (C. Bolton-Smith, unpublished results). This would suggest that either N men under-report their food consumption to a greater extent than M men, or that M men eat more due to their higher energy output (as is suggested by considering their energy intake data alone). As women are classified by their husbands' occupation, a higher energy output in the M group is not inevitable, and the unchanged EN:BMR between the N and M groups might be expected. Thus, whilst differential reporting of food intake by sex and social class cannot be completely ruled out, there does not appear to be any clear information which suggests that it has strongly influenced the present results. (Further analysis is proceeding.)
In the UK, the different risk of CHD according to social-class group has been suggested to be largely due to altered haemostatic factors resulting from smoking (Baker et a/. 1988) . While smoking is undoubtedly a major risk factor, the present differences in nutrient intake between the N and M groups were independent of serum cotinine values, and Duijkers et af. (1989) also reported that social class was a risk factor for CHD in 4049-year-old Dutch men, independent of blood pressure and cigarette smoking.
A study of trends in fat consumption, based on the NFS data for 1974 and 1981, concluded that 'recent social class trends in dietary fat intake are unlikely to account for the differential in CHD mortality' (Morgan et ul. 1989) . From the current analysis, it is likely that trends in fat intake between social-class groups are opposite for men and women and, thus, the NFS data, which do not distinguish between the sexes, may be misleading in this respect. Furthermore, no single factor, dietary or otherwise, is likely to explain fully the differentials in CHD mortality rates.
Low total energy and fibre intakes, and a low dietary P: S ratio have been associated with increased incidence of CHD in prospective studies of men (Morris et a/. 1977; Gordon et a/. 1981 ; Kromhout & Coulander, 1984; Kushi et al. 1985) and low energy intake with increased CHD incidence in women in Gothenburg (Lapidus et al. 1986) . Recently, serum levels of antioxidant vitamins (which reflect dietary intake to varying degrees for different vitamins ) have been strongly associated with CHD mortality in an ecological study . The trend for lower antioxidant vitamin and fibre intakes, and a lower P : S ratio in the M occupational groups does also follow the national trend in standard mortality rates (SMR) for CHD by social class, both for men (Pocock et at. 1987) and for women (Heller el al. 1984) . Furthermore, the regional Scottish SMR for CHD do also correlate well with social class and other socio-economic indicators (Crombie et ui. 1989) .
Total energy intake on the other hand is higher in the M social classes, but this may not necessarily contradict the trends in CHD incidence and mortality, for aerobic exercise may be the cardio-protective form of physical activity, and this is more strongly associated with strenuous physical activity at leisure (and, thus, higher energy intake) rather than with physical activity at work (Holme et al. 1981 ; Paffenbarger et al. 1984) . While significant differences in nutrient intakes between social-class groups (at P < 0.01 or better) have been shown in this Scottish population, the percentage energy differences are still small (1-3 %). However, the nutrient density values for fibre, vitamins C and E and p-carotene are 20-25 % lower in social-class group V compared with group I, and the P: S ratio is lower by 10-1 5 %. It is possible that the combined effects of the differences in nutrient intakes may have an appreciable influence on CHD risk. Differences in nutrient intakes and energy distribution between nutrients probably reflect differences in eating habits and predominant food types between social-class groups, as has been suggested by some studies (Cox et al. 1987; Barker et al. 1989; Whichelow, 1989) . The differences in nutrient sources between the social-class groups is currently being analysed, and may shed more light on why nutrient intakes differ between social-class groups.
Understanding why a poorer-quality diet is consumed by those in M occupations may facilitate the formulation of strategies to improve it, and may thereby also contribute to a reduction in CHD risk in these highly susceptible groups.
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